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Abstract
Non-invasive sampling by hair-trapping is increasingly used worldwide in wildlife research.
Despite this rise and the potential of hair samples for ecology and conservation studies, the
relative performance of hair collection devices has been rarely tested. Here, we compare
the effectiveness of five types of hair traps for brown bears Ursus arctos in the Carpathian
Mountains (SE Poland) and test the effects of trap type, season, number of days elapsed
since trap installation and trap features on the trapping success in order to provide recom-
mendations for optimal sampling in future studies. The trap types were corral, path-trap,
“smola”(beechwood tar) tree-trap, turpentine tree-trap and natural rub. In 2010, we collected
858 hair samples during 2330 inspections of 175 hair traps and found that the most effective
traps were smola tree-traps (mean percentage of successful inspections ± SD: 30.2% ±
26.0) and natural rubs (50.8% ± 16.7). Based on this finding, over the following 2 years we
focused on 24 smola tree-traps and eight natural rubs. During this long-term survey (2010–
2012, 969 inspections, 1322 samples collected) the trapping success increased with time
and smola tree-traps achieved similar effectiveness to natural rubs (45.5% ± 29.7 and
45.9 ± 23.4, respectively). We show that when baiting smola tree-traps ten weeks prior to
research or monitoring, sampling effectiveness can reach up to 30%. Taking into account
the logistical and methodological constraints associated with detecting and using natural
rubs for a proper survey design, we recommend using smola tree-traps baited in advance
for hair sampling in wildlife studies.
Introduction
Non-invasive sampling is nowadays commonly used worldwide in wildlife research (e.g. [1–
3]). Its scope of potential applications is growing rapidly [4], as it allows to investigate animal
populations without the need to physically capture or even directly observe the study species
[5]. This is especially important when dealing with rare, elusive or endangered species [6], [7],
such as the brown bear (Ursus arctos). Indeed, systematic and opportunistic collection of bear
hair and scat samples has been widely used to estimate population size and density (e.g. [8–
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11]), assess genetic structure [12–14], measure population fragmentation [15], [16], identify
concrete individuals that are of importance for management decisions [17–19], as well as to
examine food habits [20–22], parasites [23], [24] and stress levels [25].
Among multiple non-invasive sampling methods, systematic hair-trapping seems to be
especially acknowledged by bear specialists. Hair traps for bears were first designed in 1995
[26], and since then researchers have developed a wide variety of hair collection devices to
sample ursids [27]. Although optimal hair collection devices vary among bear species [28],
those constructed of barbed wire are most popular, because the wire facilitates hair collection,
catches larger samples with more follicles, and reduces the percentage of mixed samples, i.e.
containing hairs from various individuals [5]. Hairs can be passively left by bears on unbaited
hair traps during the course of their normal activities, whereas baited methods need to evoke a
certain behavioral response from an individual to collect a hair sample [27].
Despite the extensive use of non-invasive methods in bear research, little is known about
the effectiveness of different bear hair collection devices. Although some studies have evaluated
the accuracy and cost-effectiveness of different non-invasive sampling strategies for bears (e.g.
[29], [10], [17]), none have assessed the comparative performance of different sampling
devices. Here, we compared the effectiveness of five distinct types of hair traps generally used
in bear research which apply both baited and passive approaches. We also examined factors
influencing the trapping success, such as the type of trap, season, number of days elapsed since
trap installation and trap features. The main goal of this study was to determine the most effi-
cient brown bear hair collection device and to provide recommendations for optimal sampling
in future studies.
Materials and methods
Ethics statement
The field study was done in strict accordance with legal requirements in Poland. It was con-
ducted in the public forest lands, managed by the Polish State Forest Administration. Installa-
tion of hair traps do not require any permit in Poland. In spite of this, agreement from the
Forest Districts in the study area was additionally guaranteed previous to the installation of
hair-trapping stations. Brown bear hair samples in the present study were collected non-inva-
sively. Therefore, sample collection did not require animal capture or handling. Necessary per-
missions to collect and store the samples at the Institute of Nature Conservation were obtained
from the General Directorate for Environmental Protection in Poland.
Study area
The study was conducted in the Polish part of the Northeastern Carpathians, including the
Bieszczady Mountains (Fig 1; N49˚180, E22˚180). The area is a mountain range with gentle
slopes and altitudes varying from 420 to 1346 m a.s.l. [30]. Natural vegetation can be divided
into three altitudinal zones: the foothill zone (<500 m a.s.l) which is nowadays mostly occu-
pied by human settlements and agriculture, with a limited cover of mixed deciduous forests;
the lower montane zone (500–1150 m a.s.l.) primarily consisting of forests dominated by
beech (Fagus sylvatica) and silver fir (Abies alba); the zone above the upper tree line (called
“polonina”, >1150 m a.s.l.), where subalpine and alpine communities are typical [31], [32].
This region has a moderately cool and humid climate with marked continental influence. The
mean annual air temperature during the study period (2010–2012) ranged from 7.1 to 7.5˚C
and the average annual precipitation fluctuated between 821–1188 mm (data provided by the
Polish Institute of Meteorology and Water Management—National Research Institute).
Brown bear hair traps’ effectiveness
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The vertebrate community of the study area is very rich. Large carnivores are represented
by the brown bear, the Eurasian lynx (Lynx lynx) and the wolf (Canis lupus). It is one of the
main strongholds for the brown bear in Poland, hosting about 55 individuals [34]. Bears living
in the study area are mostly transboundary and belong to the Carpathian population, which
currently extends over Czech Republic, Slovakia, Poland, Ukraine, Hungary, Romania and
Serbia [35]. Excepting the protected area of the Bieszczady National Park (ca. 300 km2), the
area undergoes timber harvest and intensive game management. Our study area covers
approximately 1300 km2 of this commercially exploited forest, where a total of 212 ungulate
feeding sites have been inventoried. The brown bear is a strictly protected species in Poland
[34].
Hair-trapping surveys
A total of 34 fixed hair-trapping stations were installed in the study area in January-February
2010 (except three stations in April and June). Hair-trapping stations were distributed in a reg-
ular pattern across the study area (Fig 1); the mean nearest neighbor distance among stations
Fig 1. Study area and location of the hair-trapping stations. The study area in the Northeastern Carpathians (SE Poland) and the distribution of the
34 hair-trapping stations and five natural rub sites surveyed during the two phases of the study in 2010–2012. Hair-trapping stations consisted generally
of four types of traps: one corral, two path-traps, one smola tree-trap and one turpentine tree-trap. Eight natural rubs found at five sites were included in
the study. Distribution of brown bears in the Northeastern Carpathians [33] is shown on the map in the upper right corner.
https://doi.org/10.1371/journal.pone.0186605.g001
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was 4.8 km (SD ± 1.8). In order to maximize capture probabilities, we located each trapping
station in the vicinity of areas frequently used by brown bears, such as ungulate feeding sites
[36]. Additionally, trees used naturally by bears for rubbing (hereafter called natural rubs)
detected in the area were also included in the study for a comparison.
Each hair-trapping station consisted generally of four different types of hair traps: one cor-
ral, two path-traps, one tree-trap baited with beechwood tar (“smoła” in Polish, “smola” here-
after, Fig 2) and one tree-trap baited with turpentine (S1 Table). Hair corrals were constructed
following Woods et al. [26] and Kendall and McKelvey [27]. A single strand of barbed wire
was stretched around four or more trees at a height of 50–60 cm, forming a polygon with sides
of about two meters each, and enclosing a pile of branches and woody debris in the center.
The pile was treated with approximately 300 ml of inedible liquid mixture of cattle blood and
rotten fish juice in a ratio of 3:1, similar to Kendall et al. [12]. Fencing staples were used to
secure wire to trees. The path-traps consisted of a barbed wire strand strung across an animal
trail at a height of 50–60 cm. It was a passive trap, without any attractant. Tree-traps comprised
three strands of barbed wire of approximately 50 cm attached horizontally to the tree trunk
and separated about 50 cm apart; the lowest strand was fixed 50–60 cm from the ground. Tree-
traps were baited with two handfuls (about 150 ml) of a distinct lure, turpentine or smola, to
induce bear rubbing. We chose coniferous trees (fir, larch Larix decidua, spruce Picea abies
and Scots pine Pinus sylvestris) located on forest edges or in other conspicuous locations ac-
cording to bear’s rubbing preferences reported in previous studies [37]–[39]. Natural rubs
were fitted with barbed wire, following the same procedures as with tree-traps, but they re-
mained unbaited.
Hair traps were systematically surveyed from March to November, i.e. during the period of
high bear activity in the area. In winter (December-February), due to low bear activity and
harsh field conditions, we controlled only traps at sites that were accessible to researchers. The
study consisted of two phases:
a. All-traps survey: in 2010 (from March to December) we inspected the hair-trapping stations
(n = 34) and natural rubs (n = 8) over multiple sampling sessions at approximately 14-day
intervals in order to assess the effectiveness of the five types of hair traps.
b. Rub-trees survey: based on the results from the all-traps survey, we focused on a subsample
of trees (n = 32), including eight natural rubs and 24 smola tree-traps (rub-trees hereafter).
These trees were surveyed then at larger time intervals (once per month) in 2011 and 2012.
During trap inspections hairs were identified macroscopically by experienced field staff.
Each bunch of bear hairs found on a single wire barb was considered as one sample, regardless
of the number of hairs trapped. Subsequently, we collected all remaining hairs from the wire
strands, and also from the tree bark in the case of tree-traps, and labeled them as a single sam-
ple. After that, the wires and tree bark were flamed to ensure that no hairs remain and that
new hairs will be distinguishable in the next inspection. In the case of baited traps, scent lure
was refreshed. Traps were repaired during the inspections if needed. Hair samples were stored
in dry labeled envelopes at room temperature with access to fresh air. Uncertain bear hair sam-
ples were later identified using reference material and disregarded if they did not belong to
brown bears.
We compiled a database that contains the entire survey history of each hair trap, and
included for each inspection the date, the trapping success (i.e. whether bear hairs were col-
lected or not, 1/0) and the total number of samples collected. We noted the GPS coordinates of
each hair-trapping station and natural rubs. For the rub-trees survey, we recorded the tree spe-
cies and the diameter at breast height (cm) of both natural rubs and smola tree-traps.
Brown bear hair traps’ effectiveness
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Data analysis
All-traps survey. We used field data obtained in 2010 to investigate differences in the
effectiveness among five types of hair traps: corral, path-trap, smola tree-trap, turpentine tree-
trap and natural rub. Sampling effectiveness of each hair trap was evaluated based on the
Fig 2. A brown bear family photo-trapped at a hair-trapping station in the Northeastern Carpathians (SE
Poland) while rubbing against a smola tree-trap: (a) female and (b) young.
https://doi.org/10.1371/journal.pone.0186605.g002
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trapping success of all inspections and was calculated as percentage of positive inspections (i.e.
those with bear hair samples collected) out of the total number of inspections. Those hair-trap-
ping stations where no sample was found at any trap during the whole survey (e.g. because of
no or low presence of bears in the area) were excluded from the analysis. Records obtained
during inspections of destroyed and, thus, not fully functioning hair traps were also excluded
from the analysis.
We used a generalized linear mixed model (GLMM) to relate trapping success (1/0) to the
type of hair trap and bear activity season. Bear activity was classified according to the species’
phenological periods or physiological states instead of calendar months. We divided the year
into four seasons: winter dormancy (December-February), hypophagia (March-April), mating
season (May-June) and hyperphagia (July-November). Each season was coded as an integer
according to the level of general bear activity as follows: 1- wintering; 2- hypophagia; 3- hyper-
phagia; 4- mating. We included the location code of hair-trapping stations and natural rubs as
a random effect in the model.
Rub-trees survey. We merged the data obtained for a subsample of rub-trees (24 smola
tree-traps and eight natural rubs, which were the most effective trap types) surveyed during
the second phase of the study (2011–2012) with the data collected in 2010 for the same rub-
trees. We then calculated the effectiveness of rub-trees to assess their performance over a lon-
ger time period (2010–2012). We performed a GLMM to test the effects on trapping success of
tree diameter (scaled), tree species, bear activity season as described above and the cumulative
number of days (log-transformed) elapsed since the installation of a given trap. Tree ID was
fitted as a random term.
We used an information-theoretic approach for model selection [40] and examined a set of
a priori specified models for each analysis (all-traps and rub-trees). We run a full model incor-
porating all explanatory variables and ranked the resulting set of candidate models according
to the Akaike Information Criterion (AIC; S2 Table). Additionally, we run the selected model
for each type of rub-tree (smola tree-traps and natural rubs) separately to predict the probabil-
ity of hair-trapping and to provide recommendations for future studies. All models were fitted
in R (version 3.0.3), [41] with the lme4 package [42] (function glmer) using a logit link func-
tion and a binomial error distribution. The package MuMIn was used for model selection [43].
Results
All-traps survey
During the first phase of the survey in 2010 we conducted a total of 2831 inspections of 175
hair traps. Eighteen per cent of the inspections corresponded to seven negative hair-trapping
stations–containing 32 individual traps–which did not collect any bear hair, and were excluded
from the analysis. Therefore, for calculations of trap effectiveness we considered 2330 records
obtained during inspections of 27 hair-trapping stations and eight natural rubs. The mean
number of inspections (± SD) per hair trap was 16.3 (± 3.0). Overall, we collected 858 bear hair
samples from 76 hair traps. The effectiveness of different types of hair traps showed a pro-
nounced variation. Most effective were natural rubs (mean ± SD: 50.8% ± 16.7), followed by
smola tree-traps (30.2% ± 26.0). Both were distinctly more successful than the other trap
devices (Fig 3). The mean number of samples collected per positive inspection varied among
trap types, ranging from 1.5 for path-traps to 3.3 for smola tree-traps (Table 1).
The GLMM showed that the type of hair trap was the main factor affecting trapping success;
natural rubs had the highest probability of hair-trapping, followed by smola tree-trap. The
other types of traps were significantly less effective (Table 2). Bear activity season did not have
a significant effect on trapping success during this survey.
Brown bear hair traps’ effectiveness
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Fig 3. The effectiveness of hair traps, calculated as the percentage of inspections with bear hair samples out of the total number of
inspections. (a) Results of the all-traps survey (2010) showing the effectiveness of different types of hair traps: path-trap, corral, turpentine
tree-trap, smola tree-trap and natural rub; (b) Results of the rub-trees survey (2010–2012) showing the effectiveness of natural rubs and
smola tree-traps in relation to bear activity seasons: wintering (December-February), hypophagia (March-April), mating season (May-June)
and hyperphagia (July-November).
https://doi.org/10.1371/journal.pone.0186605.g003
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Results of the most parsimonious Generalized Linear Mixed Models explaining the varia-
tion in the probability of bear hair-trapping (1/0) for all traps (survey in 2010) and for the rub-
trees (survey 2010–2012) in the Northeastern Carpathians. The rub-trees included the most
effective hair traps (natural rubs and smola tree-traps); the model for the rub-trees survey was
Table 1. Summary of the brown bear hair-trap surveys for 27 positive hair-trapping stations and eight natural rubs in 2010 and 32 rub-trees in
2010–2012.
Type of hair trap No.
traps
Positive
trapsa
No.
inspections
Effectivenessb,c No. samples
collected No. samples
/ positive
inspectionc
Max no. samples
collected
All-traps survey (2010)
Corral 27 85.2 457 12.4 ± 12.2 135 2.4 ± 2.6 12
Path-trap 51 23.5 826 2.3 ± 5.2 30 1.5 ± 0.9 4
Turpentine tree-
trap
28 39.3 477 4.8 ± 8.0 66 2.4 ± 2.0 8
Smola tree-trap 29 75.9 443 30.2 ± 26.0 462 3.3 ± 2.6 13
Natural rub 8 100.0 127 50.8 ± 16.7 165 2.6 ± 2.2 9
Rub-trees survey (2010–2012)
Smola tree-trap 24 100.0 728 45.5 ± 29.7 1025 3.1 ± 2.4 13
Natural rub 8 100.0 241 45.9 ± 23.4 297 2.6 ± 2.1 9
apercentage of traps with bear hair samples out of the total number of traps of a given type
bpercentage of inspections with bear hair samples out of the total number of inspections
cmean ± SE
https://doi.org/10.1371/journal.pone.0186605.t001
Table 2. Factors affecting hair-trapping success.
Fixed effect Estimate SE P
All-traps Intercepta -0.233 0.357 0.514
(2010) Corral -2.07 0.358 <0.001
Path-trap -3.85 0.399 <0.001
Smola tree-trap -0.681 0.343 0.0469
Turpentine tree-trap -3.05 0.387 <0.001
Rub-trees Intercept -3.23 0.557 <0.001
(2010–2012) Days elapsed since
trap installation
0.417 0.0808 <0.001
Activityb 0.248 0.0803 0.00201
a. Smola tree-traps Intercept -4.49 0.711 <0.001
Days elapsed since
trap installation
0.651 0.102 <0.001
Activityb 0.227 0.096 0.0177
b. Natural rubs Intercept -0.493 0.923 0.593
Days elapsed since
trap installation
-0.140 0.144 0.331
Activityb 0.402 0.159 0.0116
anatural rub included as intercept
bbear activity season, coded as an integer according to the level of bear activity
1- wintering; 2- hypophagia; 3- hyperphagia; 4- mating
https://doi.org/10.1371/journal.pone.0186605.t002
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also run separately for each type of rub-tree. All models were fitted using a logit link function
and a binomial error distribution (package lme4, R version 3.0.3).
Rub-trees survey
From a total of 969 inspections of rub-trees (n = 32) in 2010–2012, 46% were successful, i.e. at
least one bear hair sample was collected. During this long-term survey smola tree-traps
achieved similar effectiveness to natural rubs (Table 1). Rub-trees effectiveness differed slightly
among bear activity seasons (Fig 3). In total, we collected 1322 bear hair samples. Both types of
rub-trees provided a similar mean number of hair samples during positive inspections
(Table 1).
The GLMM indicated that the number of days elapsed since trap installation had the stron-
gest effect on trapping success of rub-trees (Table 2). Bear activity season also had an influence;
mating season was the time with highest success in hair-trapping for rub-trees. Tree diameter
(range: 50–211 cm) and species (fir: 12% of the rub-trees, larch: 16%, spruce: 31%, Scots pine:
41%) did not affect hair-trapping success. When running the selected model separately for
each type of rub-tree, we found that the time elapsed since trap installation explained most of
the variation for smola tree-traps. However, this factor was not relevant for the trapping suc-
cess of natural rubs, but season was important (Table 2, Fig 3). Model predictions showed that
after 10 weeks of baiting, smola tree-traps can reach up to 30% of trapping success (Fig 4).
Discussion
Given the increasing use of non-invasive sampling in wildlife studies, it is crucial to explicitly
evaluate the effectiveness of different methods of sample collection for a successful study
design. Our results clearly show that (1) the success of non-invasive studies involving hair-
Fig 4. Predicted probability of sampling bear hairs at smola tree-traps in relation to the time elapsed
since the first baiting. Estimates of the probability of hair-trapping with 95% confidence intervals (dashed
lines) are generated from the Generalized Linear Mixed Model (logit link function and a binomial error
distribution) as a function of the bear activity season and time elapsed since trap installation. Tree ID was set
as a random effect. The predictions of the sampling effectiveness of the smola tree-trap were made for the
mating season.
https://doi.org/10.1371/journal.pone.0186605.g004
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trapping strongly depends on the type of traps used; (2) proper sampling devices and attrac-
tants can be nearly as efficient as natural rubs in the case of bears; (3) it is important to bait the
traps in advance to increase sampling effectiveness; and, (4) traps’ effectiveness can be addi-
tionally maximized by sampling in certain seasons, like the mating time. These findings can
help to reduce logistical and financial efforts needed to monitor bears and other elusive wildlife
in large study areas.
To our knowledge, this is the first study testing the effectiveness of multiple bear hair sam-
pling devices, which were working simultaneously at selected sites, and, thus, allowed for a
comparison. Although the use of different types of hair traps in bear studies is not rare,
researchers mostly report combined data for all types of traps, as often the assessment is done
from the perspective of genetic research, but not of the effectiveness of the trap itself (e.g. [14]).
Corrals, which generally produce higher detection rates in comparison to rub objects [44],
[45] and are the most popular type of bear hair traps used in North America (e.g. [46], [29]),
had four times lower effectiveness than natural rubs in our survey. In Eurasia, hair traps utiliz-
ing rubbing behavior seem to be more effective than corrals [28] and therefore, more widely
used by researchers in field studies. The ultimate reason is unknown, but it may be related to
the fact that, contrary to North America, supplementary feeding practices are common in
Europe and occur in six of the ten European bear populations [35]. This may make bears less
interested in food attractants, as those used in corrals. Moreover, bears tend to rub on trees in
regularly visited areas, such as ungulate feeding sites in our area [36], where the need to defend
food and/or mates resources is elevated [47], [48]. Path-traps were most ineffective and are
used rather rarely in bear studies, except in areas where bears aggregate, for instance near
salmon spawning streams [49].
Natural rubs have been commonly used as hair traps [44], [5], [28], [45]. Here, we intro-
duce a modification of the trapping device, which consists of “imitating” a natural rub by
enticing bears to rub on tree-traps scented with smola. Rubbing against strongly smelling sub-
stances is a common behavior among mammals [47]. It has been reported that animal’s scent
choice can affect survey results [50], [51], because carnivores display differential rubbing
responses to distinct lures [52]. The success of smola tree-traps can be explained by the strong
smell of smola, a thick, oily liquid obtained during dry distillation of beech wood, and by the
fact that this dense substance remains on the bark of baited trees for a very long time, even
after rainstorms. This is consistent with the study conducted in Greece using power poles by
Karamanlidis et al. [53], who showed that creosote, also a tar distillation product used as a pre-
servative for wood, is effective in stimulating bear rubbing. Although it is suggested that the
strong smell of resin may trigger bear rubbing behavior [39], turpentine tree-traps were not as
effective as smola ones, probably because turpentine evaporates quickly when exposed to air.
Some studies show that bears tend to select coniferous trees for rubbing, mainly fir and
spruce [38], [39], and with relatively large diameters [37], [48], [39]. In our study we only used
coniferous trees and we did not observe that tree-trap effectiveness was affected by the tree spe-
cies or the diameter. When selecting trees for hair traps it may be more important to look for
trees with long, easily accessible trunks and without lower branches. Additionally, we showed
that both, smola tree-traps and natural rubs, had the highest effectiveness in the mating season
(May-June). Intensified rubbing activity of bears and utilization of rub objects during mating
time has been demonstrated also for bears living in other parts of the world [37], [53], [39].
Although sampling rub-trees in the mating season can maximize effectiveness, researchers
should be aware of the risk of male-biased detection, particularly during this period (e.g. [53],
[45]).
The duration of baiting is pivotal for sampling effectiveness, as bears may need some time
to encounter a trap and rub and/or find the attractant. In the case of traps baited with food,
Brown bear hair traps’ effectiveness
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there is a risk that some bears develop a trap-happy response, which can result in higher recap-
ture rates of those individuals. But this is observed only when the bait consists of consumable
food and the animal receives a food reward as a consequence of using the trap. Attractants
lacking a food reward may have an opposite effect: once the animal discovers that there is no
food, it might not be interested in revisiting the trap [54], [27]. In that case, an increasing effec-
tiveness with time would not be observed, as it was the case of smola tree-traps in our study.
Recent research suggests that tree-rubbing serves as chemical marking for intraspecific com-
munication [38], [48], [39]. Our results support that bear tree rubbing enhances rubbing
behavior by other individuals, as the effectiveness of rub-trees used by bears increased with
time. Additionally, in 2014, we inspected the trees that were the smola tree-traps in this study
and found that more than 66% were still rubbed by bears, in spite of not being baited for more
than 2 years, since our survey finished. Those trees have become natural rubs. This has impor-
tant implications for wildlife managers as it can improve the cost-effectiveness of long-term
monitoring and periodical studies of brown bears and other wildlife.
The effectiveness of hair traps may be influenced by various factors besides those included
in this study, such as weather conditions, local bear density, individual behavior in relation to
traps, the level of human disturbance, proximity to bear movement paths or presence of abun-
dant food resources, like large carcasses or feeding sites (e.g. [27], [55], [45]). If hair sampling
is conducted for the purposes of genetic analysis, investigators should be especially aware of
the effects of temperature and rainfall [27], [55], [45], and adjust the periods between trap
inspections to local weather conditions. Our recommendations refer to studies conducted in
temperate climates. For other regions, we suggest to first conduct pilot studies to test the effec-
tiveness of different types of traps at the same sites and optimize the survey design in subse-
quent study periods accordingly.
Our results demonstrate the effectiveness of smola tree-traps as trapping devices to sample
brown bear hairs. Baiting smola tree-traps in advance significantly increases sampling effec-
tiveness (10 weeks before for 30% trap effectiveness). Taking into account that in long-term
studies smola tree-traps can achieve a similar sampling effectiveness to natural rubs, and the
difficulties associated with finding natural rubs in the field, we strongly recommend the use of
smola tree-traps to collect bear hair samples in future studies.
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and five sites with natural rubs. Negative hair-trapping stations are not included in the table.
(PDF)
S2 Table. Summary of model selection explaining the variation in the probability of bear
hair-trapping (1/0) in relation to the type of trap (Type), bear activity season (Activity),
the time elapsed since trap installation (Days), the tree diameter at breast height (DBH),
and tree species (Species) for all-traps surveyed in 2010 and rub-trees surveyed in 2010–
2012 in the Northeastern Carpathians. The location code of hair-trapping stations and natu-
ral rubs (for all-traps survey) and tree ID (for rub-trees survey) were included as random
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factors. All GLMMs were fitted using a logit link function and a binomial error distribution
(package lme4, R version 3.0.3).
(PDF)
Acknowledgments
We thank the colleagues and volunteers of the Carpathian Brown Bear Project for their help
during field work. Piotr Kazimierczak shared with us his field experience regarding smola,
Toni Batet provided advice on tree-trap installation and the use of turpentine. We thank J.
Albrecht for his help with the R code, C. Bautista for useful comments on a previous version of
the manuscript, and P.M. Lucas who helped with the map. We are grateful to two anonymous
reviewers and the editor for their suggestions that greatly improved the manuscript.
Author Contributions
Conceptualization: Nuria Selva.
Data curation: Teresa Berezowska-Cnota.
Formal analysis: Teresa Berezowska-Cnota.
Funding acquisition: Nuria Selva.
Investigation: Teresa Berezowska-Cnota, Ignacio Luque-Ma´rquez, Isabel Elguero-Claramunt,
Katarzyna Bojarska, Nuria Selva.
Methodology: Teresa Berezowska-Cnota, Nuria Selva.
Project administration: Nuria Selva.
Resources: Henryk Okarma, Nuria Selva.
Supervision: Nuria Selva.
Validation: Teresa Berezowska-Cnota, Nuria Selva.
Visualization: Teresa Berezowska-Cnota.
Writing – original draft: Teresa Berezowska-Cnota, Nuria Selva.
Writing – review & editing: Teresa Berezowska-Cnota, Katarzyna Bojarska, Nuria Selva.
References
1. Garcı´a-Alanı´z N, Naranjo JE, Mallory FF. Hair-snares: A non-invasive method for monitoring felid popu-
lations in the Selva Lacandona, Mexico. Trop Conserv Sci. 2010; 3: 403–411.
2. Monterroso P, Rich LN, Serronha A, Ferreras P, Alves PC. Efficiency of hair snares and camera traps
to survey mesocarnivore populations. Eur J Wildlife Res. 2014; 60: 279–289.
3. Mumma M, Zieminski C, Fuller TK, Mahoney SP, Waits LP. Evaluating noninvasive genetic sampling
techniques to estimate large carnivore abundance. Mol Ecol Resour. 2015; 15: 1133–1144. https://doi.
org/10.1111/1755-0998.12390 PMID: 25693632
4. Waits LP, Paetkau D. Noninvasive genetic sampling tools for wildlife biologists: a review of applications
and recommendations for data collection. J Wildlife Manage. 2005; 69: 1419–1433.
5. Stetz JB, Kendall KC, Servheen C. Evaluation of Bear Rub Surveys to Monitor Grizzly Bear Population
Trends. J Wildlife Manage. 2010; 74: 860–870.
6. Piggott MP, Taylor AC. Remote collection of animal DNA and its applications in conservation manage-
ment and understanding the population biology of rare and cryptic species. Wildlife Res. 2003; 30: 1–
13.
Brown bear hair traps’ effectiveness
PLOS ONE | https://doi.org/10.1371/journal.pone.0186605 October 26, 2017 12 / 14
7. Schwartz MK, Luikart G, Waples RS. Genetic monitoring as a promising tool for conservation and man-
agement. Trends Ecol Evol. 2006; 22: 25–33. https://doi.org/10.1016/j.tree.2006.08.009 PMID:
16962204
8. Romain-Bondi KA, Wielgus RB, Waits L, Kasworm WF, Austin M, Wakkinen W. Density and population
size estimates for North Cascade grizzly bears using DNA hair-sampling techniques. Biol Conserv.
2004; 117: 417–428.
9. Bellemain E, Swenson JE, Tallmon DA, Brunberg S, Taberlet P. Estimating population size of elusive
animals using DNA from hunter-collected feces: comparing four methods for brown bears. Conserv
Biol. 2005; 19: 150–161.
10. Gervasi V, Ciucci P, Boulanger J, Posillico M, Sulli C, Focardi S, et al. A preliminary estimate of the
Apennine brown bear population size based on hair-snag sampling and multiple data source mark–
recapture Huggins models. Ursus. 2008; 19: 105–121.
11. Dumond M, Boulanger J, Paetkau D. The Estimation of Grizzly Bear Density Through Hair-Snagging
Techniques Above the Tree Line. Wildlife Soc B. 2015; 9999: 1–13.
12. Kendall KC, Stetz JB, Boulanger J, Macleod AC, Paetkau D, White GC. Demography and genetic struc-
ture of a recovering brown bear population. J Wildlife Manage. 2009; 73: 3–17.
13. De Barba M, Waits PL, Garton EO, Genovesi P, Randi E, Mustoni A, et al. The power of genetic moni-
toring for studying demography, ecology and genetics of a reintroduced brown bear population 2010a.
Mol Ecol. 2010; 19: 3938–3951. https://doi.org/10.1111/j.1365-294X.2010.04791.x PMID: 20735733
14. Frosch C, Dutsov A, Zlatanova D, Valchev K, Reiners TE, Steyer K, et al. Noninvasive genetic assess-
ment of brown bear population structure in Bulgarian mountain regions. Mamm Biol. 2014; 79: 268–
276.
15. Proctor MF, McLellan B, Strobeck C. Population fragmentation of grizzly bears in southeastern British
Columbia, Canada. Ursus. 2002; 13: 153–160.
16. Proctor MF, McLellan BN, Strobeck C, Barclay RMR. Genetic analysis reveals demographic fragmenta-
tion of grizzly bears yielding vulnerably small populations. P R Soc B. 2005; 272: 2409–2416.
17. De Barba M, Waits PL, Genovesi P, Randi E, Chirichella R, Cetto E. Comparing opportunistic and sys-
tematic sampling methods for noninvasive genetic monitoring of a small translocated brown bear popu-
lation. J Appl Ecol. 2010; 47: 172–181.
18. Frosch C, Dutsov A, Georgiev G, Nowak C. Case report of a fatal bear attack documented by forensic
wildlife genetics. Forensic Sci Int-Gen. 2011; 5: 342–344.
19. Kopatz A, Hagen SB, Smith ME, Ollila LE, Aspholm PE, Eiken HG. A Modification of the Hair-Trapping
Method for Surveillance of Problematic Bear Activity Close to a Farm—a Case Study from the Pasvik
Valley in Norway. Ann Zool Fenn. 2013; 50: 327–332.
20. Persson IL, Wikan S, Swenson JE, Mysterud I. The diet of the brown bear Ursus arctos in the Pasvik
Valley, northeastern Norway. Wildlife Biol. 2001; 7: 27–37.
21. Jones ES, Heard DC, Gillingham MP. Temporal variation in stable carbon and nitrogen isotopes of griz-
zly bear guardhair and underfur. Wildlife Soc B. 2006; 34: 1320–1325.
22. Valentini A, Miquel C, Nawaz MA, Bellemain E, Coissac E, Pompanon F, et al. New perspectives in diet
analysis based on DNA barcoding and parallel pyrosequencing: the trnL approach. Mol Ecol Resour.
2009; 9: 51–60.
23. Ravaszova P, Halanova M, Goldova M, Valencakova A, Malcekova B, Hurnı`kova´ Z, et al. Occurrence
of Cryptosporidium spp. in red foxes and brown bear in the Slovak Republic. Parasitol Res. 2012; 110:
469–471. https://doi.org/10.1007/s00436-011-2523-0 PMID: 21744018
24. Aghazadeh M, Elson-Riggins J, Reljić S, De Ambrogi M, HuberÐ, MajnarićD, et al. Gastrointestinal
parasites and the first report of Giardia spp. in a wild population of European brown bears (Ursus arctos)
in Croatia. Veterinarski arhiv. 2015; 85: 201–210.
25. Stetz J, Hunt K, Kendall KC, Wasser SK. Effects of Exposure, Diet, and Thermoregulation on Fecal Glu-
cocorticoid Measures in Wild Bears. PLoS ONE. 2013; 8: e55967. https://doi.org/10.1371/journal.pone.
0055967 PMID: 23457488
26. Woods JG, Paetkau D, Lewis D, McLellan BN, Proctor M, Strobeck C. Genetic tagging of free-ranging
black and brown bears. Wildlife Soc B. 1999; 27: 616–627.
27. Kendall KC, McKelvey KS. Hair collection. In: Long RA, MacKay P, Zielinski WJ, Ray JC, editors. Nonin-
vasive survey methods for North American carnivores. Washington: Island Press; 2008. pp. 135–176.
28. Latham E, Stetz JB, Seryodkin I, Miquelle D, Gibeau ML. Non-invasive genetic sampling of brown bears
and Asiatic black bears in the Russian Far East: a pilot study. Ursus. 2012; 23: 145–158.
29. Boulanger J, Proctor M, Himmer S, Stenhouse G, Paetkau D, Cranston J. An empirical test of DNA
mark–recapture sampling strategies for grizzly bears. Ursus. 2006; 17: 149–158.
Brown bear hair traps’ effectiveness
PLOS ONE | https://doi.org/10.1371/journal.pone.0186605 October 26, 2017 13 / 14
30. Kondracki J. Geografia regionalna Polski. Warszawa: Wydawnictwo Naukowe PWN; 2002. Polish.
31. UNEP. Carpathians Environmental Outlook. Geneva: United Nations Environment Programme; 2007.
32. Winnicki T, Zemanek B. Nature in the Bieszczady National Park. Ustrzyki Dolne: Bieszczady National
Park; 2009.
33. Chapron G, Kaczensky P, Linnell JDC, von Arx M, Huber D, Andre´n H, et al. Recovery of large carni-
vores in Europe’s modern human-dominated landscapes. Science. 2014; 19: 1517–1519.
34. Selva N, Zwijacz-Kozica T, Sergiel A, Olszańska A, Zięba F. Management plan for the brown bear
Ursus arctos in Poland. Warsaw: Warsaw University of Life Sciences; 2011.
35. Bautista C, Naves J, Revilla E, Ferna´ndez N, Albrecht J, Scharf AK, et al. Patterns and correlates of
claims for brown bear damage on a continental scale. J Appl Ecol. 2016; 54: 282–292.
36. Selva N, Berezowska-Cnota T, Elguero-Claramunt I. Unforeseen effects of supplementary feeding:
ungulate baiting sites as hotspots for ground-nest predation. PLoS ONE. 2014; 9: e90740. https://doi.
org/10.1371/journal.pone.0090740 PMID: 24599216
37. Green GI, Mattson DJ. Tree rubbing by Yellowstone Grizzly Bears Ursus arctos. Wildlife Biol. 2003; 9:
1–9.
38. Puchkovskiy SV. Selectivity of Tree Species as Activity Target of Brown Bear in Taiga. Contemp Probl
Ecol. 2009; 2: 260–268.
39. Sato Y, Kamiishi C, Tokaji T, Mori M, Koizumi S, Kobayashi K, et al. Selection of rub trees by brown
bears (Ursus arctos) in Hokkaido, Japan. Acta Theriol. 2014; 59: 129–137.
40. Anderson DR, Burnham KP, Thompson WL. Null hypothesis testing: problems, prevalence, and an
alternative. J Wildlife Manage. 2000; 64: 912–923.
41. R Development Core Team. R: A Language and Environment for Statistical Computing. Vienna: R
foundation for statistical computing [software]. 2014. Available from: http://www.r-project.org/
42. Bates D, Maechler M, Bolker B, Walker S. lme4: Linear mixed-effects models using Eigen and S4. R
package version 1.1–7 [software]. 2014. Available from: http://CRAN.R-project.org/package=lme4
43. Bartoń K. MuMIn: Multi-Model Inference. R package version 1.12 [software]. 2014. Available from:
http://CRAN.R-project.org/package=MuMIn
44. Boulanger J, Kendall KC, Stetz JB, Roon DA, Waits LP, Paetkau D. Multiple data sources improve
DNA-based mark-recapture Population Estimates of Grizzly Bears. Ecol Appl. 2008; 18: 577–589.
PMID: 18488618
45. Lamb CT, Walsh DA, Mowat G. Factors influencing detection of grizzly bears at genetic sampling sites.
Ursus. 2016; 27: 31–44.
46. Mowat G, Heard DC, Seip DR, Poole KG, Stenhouse G, Paetkau DW. Grizzly Ursus arctos and black
bear U. americanus densities in the interior mountains of North America. Wildlife Biol. 2005; 11: 31–48.
47. Gosling LM, McKay HV. Scent-rubbing and status signalling by male mammals. Chemoecology. 1990;
1: 92–95.
48. Clapham M, Nevin OT, Ramsey AD, Rosell F. The function of strategic tree selectivity in the chemical
signalling of brown bears. Anim Behav. 2013; 85: 1351–1357.
49. Haroldson MA, Gunther KA, Reinhart DP, Podruzny SR, Cegelski C, Waits L, et al. Changing numbers
of spawning cutthroat trout in tributary streams of Yellowstone Lake and estimates of grizzly bears visit-
ing streams from DNA. Ursus. 2005; 16: 167–180.
50. McDaniel GW, McKelvey KS, Squires JR, Ruggiero LF. Efficacy of lures and hair snares to detect lynx.
Wildlife Soc B. 2000; 28: 119–123.
51. Weaver JL, Wood P, Paetkau D, Laack L. Use of scented hair snares to detect ocelots. Wildlife Soc B.
2005; 33: 1384–1391.
52. Monterroso P, Alves PC, Ferreras P. Evaluation of attractants for non-invasive studies of Iberian carni-
vore communities. Wildlife Res. 2011; 38: 446–454.
53. Karamanlidis AA, Drosopoulou E, de Gabriel Hernando M, Georgiadis L, Krambokoukis L, Pllaha S,
et al. Noninvasive genetic studies of brown bears using power poles. Eur J Wildlife Res. 2010; 56: 693–
702.
54. Pollock KH. A capture/recapture sampling design robust to unequal catchability. J Wildlife Manage.
1981; 46: 752–757.
55. Stetz JB, Seitz T, and Sawaya MA. Effects of exposure on genotyping success rates of hair samples
from brown and American black bears. J Fish Wildl Manag. 2015; 6: 191–198.
Brown bear hair traps’ effectiveness
PLOS ONE | https://doi.org/10.1371/journal.pone.0186605 October 26, 2017 14 / 14
